As an important area of reserve land resources, the Yellow River Delta is faced with the problem of soil salinization. Grasping the characteristics of soil salinity as well as its spatial variation patterns is an important foundation of prevention, control and utilization of saline soil. This study selected Kenli County of the Yellow River Delta, obtained soil salinity data through field survey and lab experiment, and used statistical, GIS interpolation and buffer analysis methods to analyze the characteristics of soil salinity and its spatial variation patterns. Our results showed that the general soil salinity in the study area was mainly moderate and there was a significant positive correlation between different soil layers of 0 -15 cm, 15 -30 cm and 30 -45 cm and soil salinity increased with the increase of soil depth. The areas with high soil salinity in each soil layer mainly distributed in the east near the Bo Sea in the county, while the areas with lower soil salinity mainly distributed in the southwest, centre and the two sides of the Yellow River in the northeast. Soil salinity showed a trend of decrease with the increase in distance to the Bo Sea, while stretching from the Yellow River, it showed increase tendency with the increase in distance to the Yellow River. The order from high soil salinity to low of different vegetation types was naked land → suaeda glauca → tamarix → vervain → reed → couch grass → paddy → cotton → winter wheat → maize; the order for different geomorphic types was depression → slightly sloping ground → slow hillock → high flood land. This study preliminary delineated the characteristics of soil salinity as well as its spatial variation patterns in the study area, and provided scientific basis for soil resource sustainable utilization in the Yellow River Delta.
Introduction
At present, human are facing severe population, resources and environment crisis; saline-alkaline degradation of soil and land resources is still very serious. According to the incomplete statistics of UNESCO and FAO, the saline-alkaline land area is 99.13 million hectares in China, and they are mainly distributed in low terrain, high underwater table, semi-humid, semi-arid and arid inland or coastal areas. The Yellow River Delta is one of the fastest epeirogenic estuary deltas of China or even the world. It has rich natural resources and is the important reserve land resources in China. However, influenced by rivers, land, sea and other dynamical systems, the saline soil of the Yellow River Delta area is large with wide distribution, the land utilization changes frequently and the ecological environment is fragile. Soil salinization not only causes soil compaction and fertility decline, but also causes the loss of agricultural production, which threatens regional ecological environment and restricts the economic and social sustainable development severely. Therefore, the study of saline soil will be of great significant to the improved utilization.
Study on saline-alkaline soil degradation has always been one of the hottest topics in the study of soil science, and grasping the characteristics and spatial variability of saline soil salinity is an important foundation of soil salinization prevention, control and utilization of saline soil resources. Since 1971, FAO proposed the soil degradation problem and published the monograph of "Soil Degradation" [1] , the problem has attracted increasing attention. Along with the "Global Assessment of Human-Induced Soil Degradation" (GLASOD) [2] carried out, more and more experts and scholars have conducted on the study of saline-alkaline soil degradation, especially on the characteristics and spatial variability of saline soil salinity [3] - [7] . For example, Chen Yiqun discussed the severity and dominant cause of human-induced soil degradation in the world based on World Soil Resources Report 2000 [8] ; Zhang Jianfeng overviewed the status of saline-alkaline land resource of the world, analyst causes of soil salinization and put forward the basic measures to improve saline-alkaline soil resources [9] ; J. Herrero studied the dynamic change of saline soil salinity over 24 years in a Mediterranean irrigated district quantitatively by collecting and analyzing samples of different years in laboratory [10] ; Boško Miloš used basic geostatistical methods semivariogram-analysis to study the description and measurement spatial variability of soil properties [11] ; Zhou Zaiming did research on the low plain around the Bo Sea to characterize the spatial distribution of soil salinity variables [12] .
The Yellow River Delta is the concentrated saline coastal area of China and the characteristics and spatial variability of saline soil salinity has also been concerned about by the growing number of scholars [13] [14] . For example, Fan Xiaomei discussed the severity, classification and characteristics of soil salinization, described the occurring environment and influencing factors of saline soils of Yellow River Delta based on field survey and soil sampling data [15] ; Yao Rongjiang used statistics and geo-statistics methods to measure and analyze spatial variability of soil salinity of different soil layers and made their spatial distribution maps [16] . But overall, the studies are still less and it is difficult to meet the current demand of efficient eco-economic development of the Yellow River Delta and the construction of "Bo Granary". This paper used field survey data in 2013 to analyze characteristics and spatial variability of saline soil salinity in typical area in the Yellow River Delta, in order to reveal the patterns. These results would provide theoretical and practical basis for improvement and utilization of soil salinization in the Yellow River Delta.
Research Data and Methodology

Sample Collection
Our study is conducted in Kenli County of the Yellow River Delta, which is located in the most downstream estuary of the delta. The Yellow River goes through the county into the Bo Sea from southwest to northeast. The county locates among 37˚24' to 38˚10' north latitude and 118˚15' to 119˚19' east longitude. The climate belongs to the warm temperate monsoon climate zone where winter is dry and cold, summer is hot and humid and rain-Z. R. Wang et al. 1055 fall distributes uneven in time and space. The precipitation mainly concentrates in July and August and steam drop ratio is different in a year what can be as high as 7.6 during the spring. The groundwater depth is shallow with high salinity, the main soil types are salinization fluvo-aquic soil and saline soil, therefore, soil salinization is serious and the environment goes against agricultural planting and living.
In the study area, sample points were set according to land use, soil, geomorphology and vegetation types and other factors. We had set 81 sample points and got 187 groups soil salinity data, the distribution of sample points is shown in Figure 1 . Soil conductivity in 0 -15 cm, 15 -30 cm, 30 -45 cm soil layers were measured by EC110 portable meter, which had carried out the conductivity temperature correction. Five-point sampling method was used to collect surface soil samples, and use the handheld GPS locator to read the coordinates of each sampling point. Field survey date was from April 27 to May 1, 2013.
Laboratory Analysis
Dry the collected soil samples naturally in laboratory, then grinded them in order to pass over the 2 mm sieve. Formulated the passed soil samples into 1:5 soil water extract, oscillated 5 minutes and stood for half an hour, then used drying method to measure soil salinity content. Meanwhile, used EC110 portable meter to measure the conductivity of the soil extract, then established the relationship equation between soil extract conductivity (ECi, us/cm) and soil salinity content (St, %): St = 0.0004 * ECi + 0.0237, R 2 = 0.9739. Based on this basis, corrected field conductivity with soil extract conductivity, and established the relationship equation between field conductivity (ECo, us/cm) and soil salinity content (St, %): St = 0.00022 * ECo + 0.0727, R 2 = 0.9387.
Statistical Analysis
Use SPSS and Excel for statistical analysis, including the analysis of descriptive statistics characteristics of soil salinity at different soil layer and their correlation, also soil salinity status of different vegetation and geomorphic types.
Spatial Interpolation Analysis
Use GIS software for spatial interpolation analysis and the spatial distribution map. Use ARCGIS to do the Inverse Distance Weighted (IDW) interpolation and made spatial distribution maps of soil salinity at different soil layer in Kenli County, then did description and analysis.
Buffer Analysis
Use the buffer analysis function of ARCGIS to build buffers of the Bo Sea and the Yellow River with radius of 15 km and 5 km, and we got 6 and 14 buffers respectively. Analyze the spatial patterns of soil salinity with distance from the Bo Sea or the Yellow River. north of the Yellow River and 9 in the south.
Results and Discussion
According to related soil salinization classification standard [17] , soil salinity can be divided into 5 levels in Kenli county: <0.1% as non-salinization; 0.1% -0.2% as mild salinization; 0.2% -0.4% as moderate salinization; 0.4% -0.6% as severe salinization; >0.6% as saline soil. Table 1 shows the descriptive statistical characteristics of soil salinity at different depth. As can be seen, means of soil salinity in 0 -15 cm, 15 -30 cm, 30 -45 cm soil layer are 0.68%, 0.72%, 0.77%, medians are 0.34%, 0.47%, 0.54%, and all of them show rising trends from the surface to the bottom. Also, means are greater than medians, indicating that soil salinity is a left excursion distribution; therefore, the median is suitable for describing the overall soil salinity level in Kenli County. The county belongs to the moderate salinization degree in 0 -15 cm soil layer and severe salinization in both 15 -30 cm and 30 -45 m soil layers. From the point of variation, maximums of soil salinity at different soil layers are 38.78 times, 31.38 times, 27.57 times than their minimums, changes are 4.49%, 3.95%, 3.72%, and coefficients of variation are 1.28, 0.99, and 0.95. According to the division level of the coefficient of variation: CV < 0.1 as weak variability, 0.1 < CV < 1 as moderate variability, CV > 1 as the strong variability, then soil salinity at different soil layers all belong or nearly belong to strong variability. Then, there are strong degrees of variability in horizontal direction of soil salinity in 0 -15 cm, 15 -30 cm, 30 -45 cm soil layers. With the increase of soil depth, all of the maximum and minimum ratios, the changes and the coefficients of variation decrease, which show that variability of soil salinity in each soil layer are gradually weakening with the increase of soil depth. Table 2 shows the correlation coefficient of soil salinity between different depths. As can be seen, the correlation coefficients between two different soil layers are all greater than 0.84, which shows significant positive correlation. The correlation coefficient of soil salinity between 30 -45 cm soil layer and 15 -30 cm (0.9131) is greater than it between 15 -30 cm and 0 -15 cm (0.8954). It shows that the correlation of adjacent layers increases gradually with the increase of soil depth, and the influence between adjacent soil layers is greater than alternate soil layers. Figures 3(a)-(c) are the spatial distribution of soil salinity in 0 -15 cm, 15 -30 cm, 30 -45 cm soil layers in Kenli County. As can be seen, there are obvious patterns from west to east between the distribution of soil salinity and the distance from the Bo Sea. The areas with high soil salinity in each soil layer distributes mainly in the east and southeast coast of the county, while the areas with lower soil salinity in southwest, centre and the northeastern part of the Yellow River, where is far from the Bo Sea. Salinization of each soil layer shows a worsening trend from west to east. Table 3 shows the area ratios of spatial distribution of soil salinity at different depths. As can be seen, the area ratios of mild salinization in each soil layer are least which are all less than 1%, while saline soil the largest with more than 40%. From 0 -15 cm to 30 -45 cm soil layer, the area ratios of moderate salinization gradually decreases from 38.86% to 12.58%, while the severe salinization increases from 19.70% to 35.54% and the saline soil from 40.59% to 51.68%. It indicates that with the increase of soil depth, moderate salinization areas decrease gradually, severe salinization and saline soil increases, the overall degree of soil salinization increases gradually. Figure 4 shows the typical distribution of soil samples (069-070-047-049-026-017-014) from the Yellow River to the Bo Sea which lying nearly like a line. As can be seen, soil salinity increases significantly from 0.12% of no.069 near the Yellow River to 3.15% of no.014 near the Bo Sea, soil salinization also increases from mild to moderate to severe and saline gradually. It illustrates that soil salinity shows a rising trend with further away from the Yellow River or going close to the Bo Sea. Table 4 shows statistics characteristics of soil salinity in Bo Sea buffers. As can be seen, with further away from the Bo Sea, soil salinity decreases from 2.31% to 0.30%, despite the rise in the middle (0.43%), there is still a downward trend overall, and soil salinization decreases from saline to severe and moderate salinization. It shows that with further away from the Bo Sea, soil salinity gets a decreasing trend. Table 5 shows statistics characteristics of soil salinity in Yellow River buffers. As can be seen, with the increase in distance from the Yellow River in the north buffers, soil salinity decreases slowly from 0.29% to 0.22%, then jumps to 3.09%, which rises significantly. In the south buffers, soil salinity increases gradually from 0.35% to 0.65%, when it reaches to no.6 buffer which is near the Bo Sea and over 25 km away from the Yellow River, soil salinity jumps to 1.35%. In general, stretching from the Yellow River, soil salinity shows increase tendency with the increase in distance from the Yellow River. It reflects the significant influence on soil salinity by the Yellow River fresh water around. Table 6 shows statistics characteristics of soil salinity of different vegetation types. As can be seen, there are clear difference of soil salinity among different vegetation types. The order from high saltness to low of different vegetation types is naked land → suaeda glauca → tamarix → vervain → reed → couch grass → paddy → cotton → winter wheat → maize. Soil salinity of naked land is the greatest and the level of salification in naked land is the most intensive. Salt content of soil covered with vegetation decreases significantly. In uncultivated land, salinity means of soil growth of Suaeda glauca and Tamarix are 2.38% and 1.55% and they are apparently higher than soil growth of vervain (0.64%), reed (0.63%) and couch grass (0.46%), which shows the possibility to be indicator plants of saline soil. In crops, soil salinity in paddy fields is the highest, mean is 0.35% and range is 0.23% -0.49%, showing paddy fields generally chose lands with high salt content and not suitable for dry farming. Mean of soil salinity in cotton fields is 0.32%, range is 0.11% -0.93%, and there are 27 samples with salt content less than 0.2% belonging to mild salinization. It also suggests the feasibility of adjusting the cotton Table 5 . Statistics characteristics of soil salinity in Yellow River buffer. fields to crops. Mean of soil salinity in winter wheat field is 0.29% and range is 0.18% -0.42%. Meanwhile, soil salinity in corn fields is the least, range is 0.13% -0.34% and mean is 0.24%. It can be discovered from the field survey that soil salinity is the main limiting factor of spatial distribution of Cotton what is relatively salt tolerant is grown in fields with high soil salinity, while paddy is grown in small amount fields where can guarantee irrigation. Therefore, better economic benefit can be obtained if adjusting the crop planting structure reasonably according to the soil salinity status. Table 7 shows the area ratios and statistics characteristics of soil salinity of different geomorphic types. As can be seen, there are clear difference of soil salinity among them. Depression mainly distributes in the central of the county and the area ratio is 7.55%. Due to low terrain and shallow groundwater table, soil salinity is high and mean is 0.71%, soil salinization is serious. Slightly sloping ground is the main geomorphic type with an area ratio of 67.09% and mean of soil salinity is 0.62%. Because of widely distribution and influenced by natural and artificial multiple factors, soil salinization is unevenly distributed. Slow hillock mainly distributes in southwestern in the county, but with an area ratio of only 2.7%. Mean of soil salinity is 0.38% and soil salinization degree is relatively light. High flood land mainly distributes in the old and new Yellow River coasts with an area ratio of 22.66%. Because of proximity of the Yellow River and high altitude, soil salinity is the least which is 0.33%.
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Discussion
The unique surface water and groundwater, topography, soil types and other conditions in the Yellow River Delta determine the activity of soil salt movement in the area. Under the influence of different climate, location, and tillage management, the soil salinity status shows out not only spatial variability, but also greater temporal variability. This paper only studied the status of soil salinity in spring (April-May), further research on soil salinity conditions in different seasons such as summer, autumn or winter in the area, as well as spatial and temporal variability among seasons will follow.
Conclusions
1) Soil salinity in the study area is generally high; it is mainly moderate salinization and shows strong variability. The areas with high soil salinity in 0 -15 cm, 15 -30 cm and 30 -45 cm soil layers mainly distribute in the east near the Bo Sea in Kenli County, while the areas with lower soil salinity mainly distribute in the southwest, centre and the two sides of the Yellow River in the northeast. There are significant positive correlations between different soil layers and soil salinity shows an increase trend with the increase of soil depth. This result reflects that the coastal saline soil has the characteristics of entire high salinity and serious salinization.
2) Soil salinity shows a trend of decrease with the increase in distance to Bo Sea. When stretching from the Yellow River, soil salinity shows an increase tendency with the increase in distance to the Yellow River. It illustrates that spatial patterns of soil salinity in the study area is highly impacted by the Yellow River and the Bo Sea and it is the result of the interaction of the Yellow River freshwater and high mineralization saltwater.
3) There are significant relationships between soil salinity and different vegetation types or geomorphic types. The order from high soil salinity to low of different vegetation types is naked land → suaeda glauca → tamarix → vervain → reed → couch grass → paddy → cotton → winter wheat → maize; the order of different geomorphic types is depression → slightly sloping ground → slow hillock → high flood land. On one hand, it indicates that soils in different salinity environment corresponding to different suitable plants show the interaction of soilvegetation system, which has been associated with other same results [18] - [20] . On the other hand, it provides the possibility to estimate soil salinization status indirectly through vegetation or geomorphic types.
